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High Energy Physics Division Quarterly Report of Research Activities 

July 1, 1985 - September 30, 1985 

I. EXPERIMENTAL PROGRAM 

A. Physics Results 

1. HRS Physics 

Two letters were published during the quarter: Measurement of the 

Topological Branching Fractions of the T Lepton, Phys. Rev. Lett 55, 570 

(1985); Neutral K*(890) and p° Meson Production in e''"e" Annihilation 

at »^ = 29 GeV, Phys. Lett. 158B 519 (1985). 

A careful study of the two reactions e e~ -*• yy and Bhabha scattering 

e e -•• e e" has been completed The data samples, which are obtained from 

an integrated luminosity of 165 pb"'^, are 14880 events of the yy final 

state and 84423 Bhabha scattering events. The data were selected in the 

central region of the detector (|cos9| < 0.55) where the systematic 

errors can be controlled to better than 1%. This precision is a factor 

of two to three times better than has been achieved previously for these 

reactions. The results were compared to the predictions of QED to order 

a . The ratio of the cross sections, as compared to the same ratio 

calculated from QED and including the electroweak contribution to Bhabha 

scattering, is 1.007 i 0.009 ± 0.008. Figure 1(a) shows the angular 

variation of the experimental ratio of the two cross sections compared to 

the QED prediction which is shown as the line. In Fig. 1(b) the yv cross 

section is compared to the QED prediction (center line). The agreement 

is good. The upper and lower lines correspond to A, =* 59 QeV and A = 59 

GeV In the parametrlzation 

2 2 
do , + - , ,/da, , , s sin 6 

(e e + YY)/(77r)„i.n = 1 * 
dn '' 'dn QED , 4 



0.2 0.4 
COS 0 

0.6 

F|g^ 1. (a) Diject c^m^arison of the r eac t i ons 

% % Q ^ ^ ^^tr^ \ r ^ ^ ^ ' ^ center-of-mass energy 
of 29 Gey. F(cos9) Is the r a t i o of the y-pa l r d l l -
rerei t t ia l cross section to Bhabha d i f f e r e n t i a l c ross 
section, where the l a t t e r Is folded at cosS = 0. , 
-he curve shows the expectation of QED to order a^ 
ogether with a small (^ n) cor rec t ion for e l e c t r o -
-eak effects . (b) Ratio of the observed-to-expected 
i f f e ren t i a l cross sect ion for e+e" - YT. The upper 
nd lower curves, r e spec t i ve ly , represent the lower 
tolts (95% confidence level ) for the QED cut-off 
irameters, A^ > 59 GeV and A_ > 59 GeV. 

1.1 -

0.9 

"T" — 1 — I — I — I — I — I — I — I — 1 — I — I — I — 1 — I — I — I — I — I — I — r -

(a) 
•QED only 

rrm ̂Vrr + • 

. I . 
- T — I — I — I — I — I — I — I — 1 — I — 1 — I — 1 — 1 — I — I — I — I — I — I I 1 — r -

(b) 

i-^-i-flPS^Ss 
•I , , ' , _ 1 I — 1 — 1 — _L^ __1 I I I J L .J_^ 

-0.5 0 
cos 9 

0.5 

Fig. 2. (a) Ratio of the experimental Bhabha d i f f e r e n t i a l 
c ross sec t ion to the expected GSW d i f f e r e n t i a l cross 
sec t ion at 29 GeV. The pure QED resu l t (with g^ = 
g^ = 0) i s shown for comparison. (b) The same data 
a re compared to the 95% confidence lower bounds on the 
QED cut-off parameters (A). 



The r e s u l t s of a s i m i l a r study of the e e" f i n a l s t a t e are shown In 

Fig. 2 ( a ) . In t h i s case the p r e d i c t i o n s of the Glashow-Salam-Weinberg 

(GSW) model d i f f e r s from pure QED. The data favor the GSW model (x^/f^D = 

21.6/19) over pure QED (x^/N„ = 3 5 . 4 / 2 1 ) . Standard model parameters of 

g,^ = 0.46 i 0.14 and g.̂ ^ = 0.03 ± 0.09 are obtained t h a t are in good 

agreement with the values g^ = 0.25 and g^ = 0.004 expected for M̂  = 93 

GeV and sin^S^ = 0 .217. The 95Z C L . l i m i t s on the QED cut off 

parameters a re A. > 154 GeV and A > 250 GeV and the curves on Fig. 1(b) 

correspond to these l i m i t s . A value of A = 200 GeV implies p o i n t - l i k e 

s c a t t e r i n g down to a d i s t ance of 10" cm. 

An a n a l y s i s of the t h r e e - j e t events observed in a data sample 

corresponding to an i n t eg ra t ed luminosity of 185 pb ' has given new 

Information on the charged p a r t i c l e m u l t i p l i c i t i e s of gluon j e t s . A 

sample of 3965 t h r e e - j e t events was s e l ec t ed using a j e t - f i n d i n g 

a lgor i thm. The p a r t i c l e flow in these events i s shown in Fig. 3(a) where 

the j e t s a re ordered according to the ang les between neighboring j e t s ; 

j e t 1 (()> = 0) i s defined as the j e t opposi te to the sma l l e s t angle and 

s i m i l a r l y , j e t 3 i s oppos i te to the l a r g e s t a n g l e . The curve shows the 

p r e d i c t i o n of the Lund s t r i n g model. Figure 4 shows the energy v a r i a t i o n 

of the mean charged m u l t i p l i c i t y for e a c h , j e t In three energy b i n s . The 

l i n e , which Is a f i t to the j e t m u l t i p l i c i t y determined from a l l e"'"e" 

a n n i h i l a t i o n ( two- j e t ) data in t h i s energy range, agrees wel l wi th t h i s 

t h r e e - j e t da ta . In p a r t i c u l a r there i s no sign of a higher m u l t i p l i c i t y 

for j e t 3 , even though t h i s j e t i s enriched in gluon f ragmenta t ion. 

This ques t ion has been s tudied in more d e t a i l by s e l e c t i n g a sample 

of symmetric t h r e e - j e t even t s , shown in Fig. 3 ( b ) . In t h i s case the j e t s 

a re ordered on charged p a r t i c l e m u l t i p l i c i t y , with j e t I defined as the 

j e t having the lowest m u l t i p l i c i t y , and with n^ < 02 < n , . An a n a l y s i s 

of these qqg events gives <n> = 6.7 9 ' , t 1.0 as compared to <n> = 5.2 

for j e t energ ies of 9.7 GeV. The r a t i o <n> /<n>_ Is 
+0 2 1 

1.29 • ± 0.20 which i s s i g n i f i c a n t l y lower than the value of 9/4 

na ive ly expected from the r a t i o of the g luon- to-quark co lor 

cha rges . (M. Derr ick) 
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E f f e c t i v e Mass S p e c t r o m e t e r 

We summar ize some r e s u l t s from o u r a n a l y s i s of i n e l a s t i c p r o t o n -

p r o t o n s c a t t e r i n g i n t h e d l b a r y o n r e s o n a n c e r e g i o n ; a P h y s i c a l Review 

a r t i c l e i s i n p r e p a r a t i o n . The r e a c t i o n s t u d i e d i s p+p •»• pnir i n t h e 

momentum r a n g e from 1 GeV/c t o 2 GeV/c and t h e d a t a were t a k e n u s i n g t h e 

E f f e c t i v e Mass S p e c t r o m e t e r and t h e p o l a r i z e d p r o t o n beam from the ZGS. 

The most i m p o r t a n t u n r e s o l v e d q u e s t i o n on d l b a r y o n s c o n c e r n s t h e 

p r e s e n c e o r a b s e n c e of B r e l t - U i g n e r p h a s e b e h a v i o r f o r t h e 

p r o c e s s iN -• W. T h i s i s b e c a u s e a pp ~ Si c o u p l e d - c h a n n e l d e s c r i p t i o n 

r e q u i r e s t h r e e p a r a m e t e r s f o r e a c h wave , namely t h e pp ** ATI c r o s s s e c t i o n 

and the p h a s e s h i f t s , 6 and 6 , which c h a r a c t e r i z e pp + pp and 
pp AN 

AN •»• ffl) t r a n s i t i o n r e s p e c t i v e l y ; t h e p h a s e s h i f t s , 6 , have so f a r n o t 

b e e n m e a s u r e d . T h e s e p h a s e s h i f t s a r e p a r t i c u l a r l y I m p o r t a n t f o r 

i n t e r p r e t a t i o n of t h e low e n e r g y d a t a , b e c a u s e t h e d l b a r y o n r e s o n a n c e s 

show up a s o n l y t i n y l o o p s i n t h e pp e l a s t i c Argand p l o t s ; i f t he 

r e s o n a n c e s w e r e c o u p l e d - c h a n n e l B r e i t - U i g n e r s , t h e n t h e y would a p p e a r a s 

much l a r g e r l o o p s i n the AN ••• AN Argand p l o t s s i n c e T >> F , and would 
AN pp 

give rise to ~ 180" counterclockwise rotations in pp •>• AN. Of course, if 

they were not Breit-Wigner resonances but merely coupled-channel 

threshold effects, they would not be expected to cause Breit-Wlgner phase 

behavior. 

With reasonable constraints on the behavior of the high partial 

waves and on the relative partial-wave cross sections, fairly stable 

solutions are obtained for the dominant pp -»• AN waves. The Argand plots 

for these leading waves (involving S or P waves in the AN final states) 

are shown in Fig. 5. The "resonance" waves ( D. and F,) and also the 
3 3 3 

smaller background waves ( Pj, '^2' ^2^ ^^^ rotate clockwise with 

Increasing energy. We cannot get good fits if, say, the '•D̂  wave is 

forced to have a counterclockwise phase variation. The relative phases 

are such that, if the D, wave were forced to exhibit Breit-Wlgner 

behavior, then al l the other waves would have to show similar phase 

behavior. 
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The clockwise rotation of the leading waves is not totally 

unexpected. In the elastic channel, all of the waves which exhibit large 

phase shifts ( S„, ^P., and P, in pp, and S, in pn) rotate clockwise. 

The resonant waves, D- and F,, rotate counterclockwise in pp + pp but 

their phase shifts rotate by only a few degrees. Thus, it may not be 
5 5 3 5 

surprising that the large waves In AN •• AN ( S , P , P , P , 

and P ) all rotate clockwise; via unitarity, the overall clockwise 

rotation of the sum, 6 -f 6 , gives a clockwise phase variation in 
pp AN 

t h e pp •>• i24 w a v e s . 

The a n a l y s i s does n o t f a v o r c o u p l e d - c h a n n e l B r e i t - W l g n e r 

d e s c r i p t i o n s of t h e d l b a r y o n s , a s m i g h t be e x p e c t e d f o r e x o t i c h i d d e n 

c o l o r i n t e r p r e t a t i o n s ; i t s u g g e s t s more p e d e s t r i a n I n t e r p r e t a t i o n i n 

terras of t h r e s h o l d e f f e c t s o r v i r t u a l bound s t a t e s c o m i n g , f o r e x a m p l e , 

from o r d i n a r y m e s o n - e x c h a n g e f o r c e s . (A. B. W i c k l u n d ) 

Fermi l a b J e t E x p e r i m e n t 

U s i n g t h e e v e n t s t r i g g e r e d w i t h two h i g h P.T. j e t s p r o d u c e d i n p l o n -

p r o t o n and p r o t o n - p r o t o n i n t e r a c t i o n s a t 200 GeV, we h a v e made a d e t a i l e d 

s e a r c h f o r t h e h i g h e r - t w i s t h a r d - s c a t t e r i n g p r o c e s s p r o p o s e d by B e r g e r 

and B r o d s k y . I n t h i s p r o c e s s , b o t h of t h e q u a r k s i n t h e p l o n would 

p a r t i c i p a t e i n t h e h a r d s c a t t e r i n g , r e s u l t i n g i n a h i g h - p ~ p l o n j e t 

( b a l a n c e d by a r e c o i l i n g h i g h - p „ j e t ) p l u s a t a r g e t j e t b u t no "beam 

j e t " . H e n c e , t h e s e " d i j e t " e v e n t s would be c h a r a c t e r i z e d by l i t t l e o r no 

r e s i d u a l e n e r g y n e a r t h e f o r w a r d beam a x i s . They would be e x p e c t e d t o 

o c c u r In ttp b u t n o t i n pp c o l l i s i o n s . 

S o f t w a r e c u t s c h o s e n t o s e l e c t d i j e t e v e n t s were Imposed . Then a 

v a r i a b l e Xv was d e f i n e d a s t h e r a t i o of t h e f o r w a r d e n e r g y flow ( t h e beam 

c a l o r i m e t e r e n e r g y , c o r r e s p o n d i n g t o e n e r g y a t < 25° c m . ) t o t h e t o t a l 

e n e r g y . The d i s t r i b u t i o n i n X, was s t u d i e d a s a f u n c t i o n of t h e 

p l a n a r l t y , w i t h r e s u l t s a s shown i n F i g . 6 . At e x t r e m e l y h i g h 

p l a n a r l t i e s ( > 0 . 9 5 ) , F i g . 6c shows a s h o u l d e r o r p o s s i b l y a bump i n t h e 

tip d i s t r i b u t i o n a t v e r y low Xg, w h e r e a s no s u c h s t r u c t u r e i s s e e n i n t h e 
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pp case. We conclude that there Is definite evidence for a higher twist 

effect, since we cannot explain the observed structure in terms of a 

smoothly falling plon structure function as X + 1. 

A paper describing this analysis has been submitted to Physical 

Review Letters (Argonne, Fermllab, Michigan, Penn, Rice, Wisconsin 

collaboration). (T. Fields) 

B. Experiments Taking Data 

1. HRS Operat ions 

The PEP storage ring did not operate during this quarter. One big 

cee of the magnet pole tips was removed to repair a wire In the end cap 

PWG system. A corroded capacitor was replaced and the system brought 

back to full operational state. 

Processing of all of the data taken during FY1985 was completed and 

physics analyses based on the full ~ 255 pb""- data sample are under 

way. 

The SLAC director was advised of the decision taken by the 

collaboration not to propose continued HRS data taking after the PEP 

shutdown in March 1986. • (M. Derrick) 

2. Spin Physics at LAMPF 

Act iv i t y t h i s q u a r t e r focussed on data taking for measurement of the 

np e l a s t i c s c a t t e r i n g spin parameter "Cgg" a t T^^j^ ^̂  = 500, 650 and 800 

MeV. The po la r i zed t a r g e t had to be ro ta ted about 53° from pure S-type 

in order to ob t a in acceptance for the proton over the range e^gj, 

~ 0-50° and avoid the beam neutrons or r e c o i l protons h i t t i n g the c o l l s 

of the po l a r i zed t a r g e t magnet. Pure va lues of Cgg w i l l be e x t r a c t e d 

from the measurements using previous r e s u l t s on Z^^ and Cg^ a t these 

a n g l e s . In a d d i t i o n to po la r i zed t a r g e t d a t a , measurements were made 

with a carbon t a r g e t to obta in the shape of the background c o n t r i b u t i o n . 
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Some e f f o r t was a l s o d e v o t e d t o d a t a a n a l y s i s t a s k s ; 

A) A p a p e r d e s c r i b i n g the Im x 3m d r i f t chamber i s n e a r l n g c o m p l e 

t i o n . Some d a t a from t h i s y e a r have been a n a l y z e d to compare the 

pe r fo rmance of d e l a y l i n e r e a d o u t e l e c t r o n i c s t o LRS 4290 s y s t e m 

e l e c t r o n i c s w i t h I n d i v i d u a l a m p l i f i e r s on each s e n s e w i r e . 

B) The c a l i b r a t i o n p r o c e d u r e fo r t h e f r o n t d r i f t chamber ( b u i l t by 

Texas A&M U n i v e r s i t y ) has been c h a n g e d . A lookup t a b l e fo r the tlrne 

d i f f e r e n c e s from the ends of t h e d e l a y l i n e s on t h i s chamber Is 

b e i n g p r e p a r e d . S h o r t s i n the d e l a y l i n e and m i s s i n g w i r e s in the 

chamber have c a u s e d p rob lems In t h e p a s t . 

C) A d d i t i o n a l work on c a l i b r a t i n g the d e l a y l i n e s fo r the r e a r chambers 

h a s r e s u l t e d i n f i n a l v a l u e s fo r 3 of t h e 4 c o n s t a n t s f o r each de lay 

l i n e fo r the 1984 and 1985 r u n s . Al l c o n s t a n t s have been p r e v i o u s l y 

found fo r t h e 1983 d a t a . 

D) The m a g n e t i c f i e l d of the s p e c t r o m e t e r magnet was measured in 1933 

and v a l u e s of / Bd£ o v e r the magnet a p e r t u r e were o b t a i n e d . Recent 

i n d i c a t i o n s from the e l a s t i c s c a t t e r i n g d a t a show problems over 

a b o u t 20% of t h e s p e c t r o m e t e r a c c e p t a n c e and the magne t i c f i e l d 

measurements w i l l need to be e x t e n d e d to r e g i o n s n o t p r e v i o u s l y 

mapped. These a r e p l a n n e d f o r e a r l y 1986 . 

E) A n a l y s i s of d a t a c o l l e c t e d w i t h the s p e c t r o m e t e r a t 9, . = 0-25° 
l ab 

have shown a s i g n a l a t s m a l l a n g l e s f o r t h e np -• dTT° r e a c t i o n . 

P l a n s a r e b e i n g made to o b t a i n C^^, C^^ and Cjg f o r t h i s r e a c t i o n 

from our d a t a t a p e s . O t h e r d a t a on C, , and C. , e x i s t f o r the pp •<• 

dTT r e a c t i o n , b u t none a r e p r e s e n t l y a v a i l a b l e fo r C<,e a t the h igher 

LAMPF e n e r g i e s (650 and 300 MeV). 

Three new p r o p o s a l s were a c c e p t e d by the LAMPF Program Advisory Com

m i t t e e (PAC) In Augus t . In 1986 , t e s t s w i l l be made t o o p t i m i z e 

measu remen t s of Ao (np) and A o _ ( n p ) , a b s o l u t e n e u t r o n c o u n t e r 

e f f i c i e n c i e s w i l l he m e a s u r e d , and the np e l a s t i c s c a t t e r i n g s p i n 

p a r a m e t e r r,^^ „ i l l be o b t a i n e d a t .300 MeV. Also , t e s t s w i l l be performed 

for the new beam b u n c h e r which I s to be I n s t a U e d b e f o r e the r u n s In 

1986. In 1987 , measu remen t s of Aaj_(np) or Aar(np) w i l l be made a t f i v e 
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energies. 

In addition, the LAMPF PAG encouraged work on new target materials 

to provide polarized nuclei for elastic scattering experiments with plons 

and polarized protons. Argonne expertise with polarized targets, and the 

availability of apparatus to test new materials, may be very important 

for the success of these new experiments. A proposal to test 

I 3 phenomenologlcal predictions for nucleon scattering from polarized '•̂ C 

has been submitted. (H. Splnka) 

3. Soudan I 

The Soudan 1 detector continued to operate for cosmic ray physics 

and ran well throughout the quarter. The WWVB clock, which can provide 

the absolute time to 1 msec accuracy, was used to check the Less accurate 

clocks which were used previously on Soudan I. The new clock was 

Installed last quarter, and will make It possible to search for short-

period modulation of cosmic rays, for example from fast pulsar sources. 

Soudan 1 cosmic ray results were presented by Argonne physicists at 

several summer conferences during the quarter. (D. Ayres) 

C. Experiments in Preparation Phase 

I. Collider Detector at Fermllab (CDF) 

With the completion of module calibration in the NW test beam, 

systematic studies of calorimeter performance continued to the end of 

August, which marked the end of fixed target running. The remaining 

Important areas to be studied involve boundaries with other calorlmetery 

and the response below 10 GeV. 

Agreement to fund the fabrication of chambers for tagging energy at 

azlmuthal cracks was reached and procurement of parts started. A 

preliminary study of the background level from the uranium radiator was 

completed; the background is large but does not preclude the use of 

uranium. 

The main activity was in preparation for the colliding beam run 
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scheduled for September. All of the central and wall scintillator 

calorlmetry was made operational. Half of the hadron calorimeter 

photomultlpllers were equipped with TDC's as well as ADC's. A full 

complement of eight vertex chamber TPC modules was Installed with readout 

for more than 90% of the 3072 wire channels. The 32 forward and backward 

beam-beam trigger counters were Installed. Samples of 14 modules of 

central muon chambers, two central strip chambers and a prototype forward 

silicon spectrometer were Installed. Particular attention was paid to 

monitoring radiation levels to avoid radiation damage to plastic 

scintillator. 

Argonne effort was particularly directed at checking out the 

phototubes and the front end RABBIT electronics, and at Installing a 

simple calibration system. Work was also done on software for readout 

and calibration, as well as for monitoring performance of the whole 

detector. The effort peaked on September 9 when the detector was rolled 

In. 

About ten days later, after several days of machine physics with no 

access to the detector due to radiation Interlocks, access became 

available and it was found that no significant repairs were needed. 

Cosmic ray and single beam studies were done and the level-one trigger 

system was brought up and debugged. A single beam background event 

calorimeter display is shown in Figure 7. (L. Nodulman) 

2, Nucleon Decay 

Preparation of the new underground laboratory at the Soudan mine 

proceeded on schedule during the quarter, with the completion of the wall 

shotcretlng and the pouring of most of the concrete floor. A survey of 

the cavity dimensions revealed a few places near the top corners which 

require trimming to allow adequate space for the active shield, but this 

should not cause any significant delay in the cavity completion. Figure 

8 is a recent photograph of the new cavity. 



14 

Fig. 8. Photograph of the new Soudan 2 underground laboratory. The 
f a c i l i t y i s located 2400 f t underground in Tower-Soudan State Park 
in no r theas t e rn Minnesota. Only about half of the 45 ft by 235 ft 
by 38 f t high cav i ty i s shown. At the time of the photo, shotcret lng 
of the cav i ty wal ls was s t i l l in progress, and the concrete f loor had 
not yet been s t a r t e d . 
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Argonne engineers worked c lose ly with the Soudan mine engineer and 

the excavat ion c o n t r a c t o r on var ious a spec t s of the cav i t y o u t f i t t i n g . 

The f i n a l dimensions of the s t e e l support s t r u c t u r e for the main 

d e t e c t o r , s h i e l d , and crane were agreed upon fol lowing the cav i t y 

survey. D e t a i l i n g of the a c t i v e sh ie ld support hardware and the f i n a l 

sh ie ld layout proceeded in p a r a l l e l with the s teelwork s p e c i f i c a t i o n , and 

was near ly completed a t the end of the q u a r t e r . The design of the 

e l e c t r i c a l power system was f i n a l i z e d , and order ing of components 

s t a r t e d . This system w i l l supply 80 kVA of q u i e t power for the 

e l e c t r o n i c s and computer, and 60 kVA for o the r u ses ; I s o l a t e d grounds and 

sh ie lded t ransformers w i l l provide an e l e c t r i c a l l y qu ie t environment for 

the main d r i f t chamber e l e c t r o n i c s . 

The d e t a i l s of the a l r - h a n d l l n g and f i r e - p r o t e c t i o n systems were 

a l s o f i n a l i z e d . Fans and ductwork to the rea r of the a c t i v e - s h i e l d 

enc losure w i l l exchange the a i r in the cavi ty every hour. The fans and 

o the r e l e c t r i c a l devices w i l l be turned off in the event of a smoke 

d e t e c t o r alarm, and a water s p r i n k l e r system w i l l provide back-up f i r e 

p r o t e c t i o n . The counting house s p e c i f i c a t i o n s were a l s o f i n a l i z e d , and 

the bid package for t h i s p re fab r i ca t ed o f f i ce - type enclosure was sent out 

during the q u a r t e r . Work on a l l of these systems w i l l be completed by 

ea r ly 1986, when b e n e f i c i a l occupancy of the new underground labora to ry 

w i l l occur . F i n a l l y , h i r i n g of the mine - s i t e support s t a f f was s t a r t e d 

during the q u a r t e r . In p repa ra t ion for the many i n s t a l l a t i o n a c t i v i t i e s 

which w i l l begin as soon as the cav i ty o u t f i t t i n g i s completed. 

A c t i v i t i e s of the Argonne group during the qua r t e r focussed on the 

product ion of 5-ton ca lo r ime te r modules and readout e l e c t r o n i c s . The 

assembly of Module #2 was completed following a concent ra ted e f f o r t to 

e l im ina t e the gas-poisoning and h igh-vo l t age problems t h a t were 

encountered In Module # 1 . While carefu l t e s t i n g of a l l components was 

completely e f f e c t i v e in e l im ina t i ng the gas contaminat ion found in the 

f i r s t module, the screening of bandol ier for h igh-vo l tage f a u l t s was only 

( / a r t l a l l y succes s fu l : a t the i n i t i a l turnon of Module #2, 80% of the 

d r i f t s t r u c t u r e operated well a t the f u l l 10 kV d r i f t vo l t age , but a 
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subsequent breakdown forced a reduction to 5 kV, where the module has 

operated s a t i s f a c t o r i l y for over two months. 

Many resources were focussed on the high voltage problem during this 

period, and by the end of the quar te r a plan for deal ing with i t had been 

developed. In the shor t term, high voltage f au l t s wi l l be bypassed 

rather than repai red , y ie ld ing modules with a few of the i r 256 layers 

disabled. Enough modules wi l l be produced to accumulate cosmic-ray 

performance s t a t i s t i c s and to begin operat ion of modules In the mine. In 

the longer term, the high voltage Insu la t ion wi l l be modified to reduce 

the f au l t ra te to a lower l e v e l . 

The study of Module #2 with cosmic rays was f a c i l i t a t e d by the 

replacement of the 12S channels of prototype front-end e lec t ron ics by 320 

channels (half of the t o t a l required) of production front ends, whose 

fabr ica t ion was completed a t Oxford l a s t q u a r t e r . I n s t a l l a t i o n of the 

f inal 320 channels on Module #2 was In progress a t the end of the 

quar te r . The new e l e c t r o n i c s allowed the performance of Module #2 to be 

studied in much more d e t a i l than was poss ible for Module tfl. The track-

recons t ruc t ion software needed for studying d r i f t i n g efficiency a t the 

tube level was under Intensive development during the quarter and made 

good use of cosmic ray data from Module #2. I n i t i a l r e su l t s Indicate 

s a t i s f ac to ry performance of the new rectangular cathode pads used for the 

f i r s t time In Module #2, and reasonable d r i f t i n g In the calorimeter 

s tack . Experience with the f i r s t 320 channels of front-end electronics 

led to a number of minor changes to the preamp hybrid c i r c u i t design. 

The con t rac t for f ab r i ca t ion of these hybrids was awarded to a U.S. 

manufacturer during the q u a r t e r , and production of sample un i t s will 

begin soon. 

The assembly and t e s t i n g of the 1300 channels of ADC e lec t ron ics for 

the U.S. and U.K. module factory t e s t f a c i U t i e s was nearly conpleted 

during the q u a r t e r , and components were shipped to both the Rutherford 

module factory and to the University of Minnesota for online software 

development. Test ing of the remainder of the ADC cards for the U.K. 
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system and of the trigger gate array logic chips was still In progress at 

the end of the quarter. Procurement of components for half of the ADC 

electronics needed for Soudan 2 Itself Is now complete, and assembly and 

testing of this 3100 channel system Is scheduled to begin soon. 

Fabrication of the trigger and calibration electronics was started with 

testing of the hardware and associated software scheduled for next 

quarter. 

The production of corrugated steel for U.S. modules proceeded on 

schedule during the quarter. Tooling for steel fabrication in the Argonne 

shops was upgraded and materials were received for the l2-module 

production run which will take place next quarter. Tooling for 

production of steel for 12 more modules by the U.S. commercial steel 

fabricator was also completed, and sample sheets for evaluation are 

expected to be delivered soon. (D. Ayres) 

Fermilab Polarized Beam 

While construction of the experimental hall at Fermilab proceeded 

rapidly, there was progress on many projects at Argonne for both the 

beamllne facility and the experiment. 

A new round of studies to optimize the*tagging hodoscopes and 

associated fast memory look-up logic was begun. For this study, the beam 

Monte Carlo, based on the standard decay turtle program, was modified at 

Argonne so that a data summary tape can be written and much more complex 

correlations can be studied efficiently. This study will proceed In 

cooperation with Northwestern University where the tagging counters will 

be constructed. 

The required field uniformity In the prototype magnet for the spin 

precession snake was achieved. Based on this success, the drawings for 

parts to be constructed by Fermilab were finalized. 

The field mapping work was done at the IPNS test beam area, with 

pole modifications and construction of a quick-change shim holding jig 

being done in the Argonne central shops. The field mapping equipment was 



18 

designed and constructed in the HEP Division. 

Software to derive a multlpole expansion from minimal measurements 

of the f ie ld in t eg ra l was developed. 

Also during this quarter, Argonne contracted with an outs ide machine 

shop for the rework of the magnet cores and machining was begun. 

After t e s t ing minimal configurat ions of two poss ible MWPC readin 

systems, one commercial system was chosen and enough components ordered 

to Instrument a t l e a s t one chamber. These wi l l be used temporarily in an 

experiment a t LAMPF In order to gain experience with the system. 

Development of the data acqu i s i t i on system continued a t Argonne. 

Questions of overa l l software control which were ra ised a t the E-704 data 

acquis i t ion meetings were addressed. (D. Underwood) 

4. Fractional Charge Search 

Resolution of In tegra l e l e c t r i c charges on ethylene glycol drops tor 

an analyzing vol tage of 20 kV has now been successful ly demonstrated. 

Figure 9 shows a d i s t r i b u t i o n of apparent charges which corresponds to an 

upper l imi t for the concentra t ion of one th i rd f rac t iona l charges of I 

per 15 ug ( in the ethylene glycol sample l i q u i d ) . Data which will 

e s t abUsh more s t r i n g e n t l imi t s are being analyzed. ( J . Van Polen) 
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HISTOGRAM OF APPARENT CHARGES 
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Fig. 9. Histogram of apparent charges reconstructed from quark search data 
representing over 30,000 droplets. Rejected droplets not included here. Unit 
on horizontal scale is "electron charges". 
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I I . THEORETICAL PROGRAH 

Theoretical phys ic i s t s in the High Energy Physics Division summarize 
their a c t i v i t i e s on a six-month b a s i s , with half of the group repor t ing each 
quar ter . 

* * * * 

E. L. Berger. During the six month period April through September, 1985, 

covered by this repor t , I completed five research papers , I conducted a 

Chautauqua course on p a r t i c l e physics a t Argonne, and I served on four 

external committees concerned with aspects of the nat ional high energy physics 

program. 

In one of the papers, a Quantum Chromodynamlcs formalism for exclusive 

process is used to derive p red ic t ions for the coupling of heavy onlum bound 

s ta tes and resonances ( e . g . chl s t a t e s ) to the proton-ant iproton system. The 

work was done In co l labora t ion with Poul Damgaard, CERN, and K. Tsokos, 

University of Maryland. I t Is reported In ANL-HEP-CP-85-lll. Among other 

r e s u l t s , our computation of the branching r a t i o of 10" for x? * PP ^^ ^^ ^'•'"' 

.-igreement with measurements a t CERN, 

In an invited review to be published in the Proceedings of the Topical 

Seminar on Few and Many Quark Systems, ava i l ab le as Argonne repor t ANL-HEP-CP-

85-70, I present a comprehensive review of data and theo re t i ca l 

in te rpre ta t ions of A dependent e f f ec t s observed in the deep i n e l a s t i c 

sca t te r ing of neutrinos and charged leptons from nuclei ( the "EMC e f fec t " ) . 

After a summary of the experimental s i t u a t i o n and survey of the broad spectrum 

of proposed explanat ions , 1 concentrate on the Implications of a plon exchange 

model developed a t Argonne. I show tha t t h i s nuclear physics approach 

provides a unified q u a n t i t a t i v e desc r ip t ion of a l l features of the present 

data except, poss ib ly , for the normalizat ion a t small x. The plon exchange 

model reproduces the magnitude and shape of the depression below unity of the 

r a t io of s t ruc tu re functions F*(x,q^)/F°(x,Q^) for 0.2 < x < 0 .6 , observed In 

a l l experiments. I t s r i s e above unity as x •• 1, and the weak enhancement of 

the antlquark d i s t r i b u t i o n q*(x) demonstrated by the neutr ino experiments. It 
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the normalization of the European Muon Collaboration data is reduced by 5%, 

the model would be in fine agreement for all x. I also provide expectations 

for the A dependence of massive lepton pair production In hadron collisions. 

The review concludes with a list of desirable future experiments. 

Expected nuclear effects in massive lepton pair production, the Drell-Yan 

process, are developed in quantitative detail in my report ANL-HEP-PR-85-102 

accepted for publication In Nuclear Physics B. In this paper, I show that 

precise measurements of nuclear effects in the production of massive lepton 

pairs from heavy targets by plon and proton beams would extend knowledge of 

the nuclear dependence of antlquark and quark structure functions of nucleons 

into important Intervals of the fractional longitudinal momentum variable Xgj 

not accessible easily In deep inelastic scattering. Moreover, I demonstrate 

that Isolating nuclear dependence is also essential before definite 

conclusions can be drawn on the behavior of the plon structure function, and 

on the magnitude and kinematic variation of the perturbative QCD K factor 

obtained from heavy target data. Thus, studies of A dependence are of basic 

Interest in particle physics as well as for models of nuclear structure. The 

analysis described in this paper has stimulated interest in new experiments at 

CERN, Fermllab, and Los Alamos. 

In the remaining two papers, Fritz Coester *nd I treat theoretical 

aspects not previously addressed of our plon exchange model for the nuclear 

dependence of deep Inelastic lepton scattering. We provide a detailed 

derivation of the fact that the deep Inelastic structure function of a nucleus 

may be expressed directly In terms of the empirical structure functions of the 

constituent nucleons and mesons and the wave function of the nuclear bound 

state. The assumptions made are specified and discussed. We resolve 

important Issues about which confusion has existed In the literature, 

Including "on-shell" versus "off-shell" ambiguities, the derivation of 

momentum densities, and the role of momentum balance. These papers, ANL-HEP-

CP-85-23 and ANL-HEP-CP-85-103, will appear in the Proceedings of the 

International Conference on Hadronlc Probes and Nuclear Interactions, and the 

Proceedings of the Santa Barbara Workshop on Nuclear Chromodynamlcs. 
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In col laborat ion with Michael Harris of Argonne's Division of Educational 

Programs, I organized and d i rec ted a Chautauqua Short course held a t Argonne 

April 17-19: "Elementary P a r t i c l e Physics: Current S ta tus and 

Perspect ives" . The course was attended by 97 e n t h u s i a s t i c col lege and 

universi ty teachers of the na tura l sciences from 21 s t a t e s and by Argonne 

staff from various basic research d iv i s i ons . Le t t e r s received s ince tes t i fy 

to the success of the course of conveying the excitement of p a r t i c l e physics, 

the progress made during the past decade, the hopes for the fu tu re . Including 

the SSC, to individuals who play a s i gn i f i c an t role In the educational 

process, Chautauqua shor t courses are an annual s e r i e s of forums in which 

s c i e n t i s t s meet in tens ive ly with undergraduate col lege teachers of science for 

several days. This was the f i r s t Chautauqua course on p a r t i c l e physics. 

Contributions to the na t iona l high energy program during th is period 

Included my service on a High Energy Physics Advisory Panel (HEPAP) Working 

Group on Fixed Target F a c i l i t i e s in May, in prepara t ion for the HEPAP summer 

meeting; as a consul tant for the Department of Energy Review of the High 

Energy Physics Program a t Brookhaven National Laboratory in June, 1985; as a 

consultant for the Department of Energy Review of the High Energy Physics 

Program a t the Stanford Linear Accelerator Center in Ju ly , 1985; and as a 

member of the Steering Committee, Santa Barbara I n s t i t u t e for Theoretical 

Science Workshop on Nuclear Chromodynamlcs: Quarks and Gluons In Par t ic les 

Nuclei, 1985, 

G. Bodwin. My work during the pas t s ix months has Involved quantum 

electrodynamics bound s t a t e theory, pe r tu rba t ive quantum chromodynamlcs, 

phenomenology of hadron-hadron c o l l i s i o n s , and l a t t i c e gauge theory. In 

addit ion, I have spent some time studying g rav i t a t iona l anomalies in quantum 

field theory. 

With co l labora tor Donald R, Yennle (Cornel l ) , I have begun a calculat ion 

of the 0(0^) r eco i l con t r ibu t ion to the hydrogen hyperflne s p l i t t i n g that Is 

due to the p ro ton ' s anomalous magnetic moment. This contr ibut ion accounts for 
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about half of the theoretical uncertainty in the hyperflne split t ing— the 

remainder being due primarily to proton polarlzabll l ty effects. Thus, the 

determination of this unknown contribution will allow one to put stronger 

constraints on the theory of the proton's s tructure. Our calculation Is based 

on the new bound state formalism developed by Yennle, Miguel Gregorlo 

(University of Rio de Janeiro) and my self. To date we have succeeded in 

evaluating the terra proportional to In a"'-, which gives the bulk of the 

contribution. The evaluation of the associated constant term is in 

progress. We have discovered an important simplification in the proton Dlrac 

algebra that leads us to conclude that a l l of the required integrals are of a 

two loop type that we have evaluated previously in connection with the muonium 

hyperflne sp l i t t i ng . 

Stanley Brodsky (SLAC), G. Peter Lepage (Cornell), and I are involved in 

an ongoing collaboration aimed a t understanding the phenomenology of nuclear 

effects in hadronlc processes. For the case of Drell-Yan production, we have 

made predictions as to the impact of i n i t i a l s ta te Interactions and the EMC 

effect on the lepton pair transverse momentum distribution and have discussed 

the limits of val idi ty of factorization in the case of a nuclear target. We 

are now in the process of writing a complete exposition of our analysis. 

For a number of years a controversy has exLsted regarding the issue of 

ferraion doubling in the so-called SLAC version of la t t ice field theory. Eve 

Kovacs (Argonne) and I are attempting to provide a definitive resolution of 

this controversy by studying the la t t ice Schwinger model (2-d quantum 

electrodynamics). In the continuum, the theory is completely soluble; 

preliminary Investigations lead us to believe that this is also the case on 

the l a t t i ce . We plan to calculate exactly the mass of the lowest lying vector 

state and the axial vector anomaly--both of which are sensitive to the 

presence of fermion doubling, A comparison with the continuum resul ts for 

these quantities should then provide a test of the validity of the SLAC 

approach to fermions on the l a t t i c e . 
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Eve Kovacs and I have a l s o begun I n v e s t i g a t i n g the p o s s i b i l i t y of 

measuring the d i e l e c t r i c p r o p e r t i e s of the QCD vacuum v i a l a t t i c e Monte Carlo 

techniques . This work Is based on the p i c t u r e (espoused by S. A d l e r , C. 

Callan, R. Dashen, and D. Gross , among o t h e r s ) t h a t the conf inement property 

of the QCD vacuum can be understood by assuming t h a t i t behaves l i k e a 

paramagnetic d i e l e c t r i c medium. We plan to carry out a part of t h i s 

c a l c u l a t i o n on the CRAY-XMP a t MFECC. 

M. Grady. My re search for the p a s t two years has been in the f i e l d of l a t t i c e 

gauge theory. My I n t e r e s t In t h i s f i e l d developed out of an e a r l i e r I n t e r e s t 

In the dynamical breaking of c h l r a l symmetries and In the mathematical 

analogues between f i e l d theory and e q u i l i b r i u m s t a t i s t i c a l mechanics . 

Numerical l a t t i c e s i m u l a t i o n s can prov ide v a l u a b l e i n f o r m a t i o n concerning 

dynamical and n o n - p e r t u r b a t l v e phenomena which occur in s t r o n g l y coupled 

theor ie s such as Quantum Chromodynamlcs (QCD). To date these t h e o r i e s have 

not y i e lded much to a n a l y t i c a l treatment . Not only can l a t t i c e s i m u l a t i o n s 

give va luable q u a n t i t a t i v e in format ion now, but one might a l s o hope that 

information and i n s i g h t g leaned from the l a t t i c e might a l s o he lp in developing 

more powerful a n a l y t i c a l t e c h n i q u e s . What most seems to be l a c k i n g I s a 

thorough understanding of the QCD vacuum, in p a r t i c u l a r , how the presence of a 

p a r t i c l e condensate , such as the c h l r a l c o n d e n s a t e , a f f e c t s the propagat ion 

and I n t e r a c t i o n s of p a r t i c l e s . My work alms a t f u r t h e r e l u c i d a t i n g these 

t o p i c s . 

Recent ly , I have c o n c e n t r a t e d on Improving the s t a t e of the a r t In 

l a t t i c e fermion s i m u l a t i o n s ; current t e c h n i q u e s are only b a r e l y a b l e to tackle 

the more compl icated p h y s i c s q u e s t i o n s , even when g i v e n a tremendous amount of 

computing r e s o u r c e s , I d e s c r i b e In d e t a i l two of my r e c e n t f i n d i n g s , 

1) New Fermion Monte Carlo Algorithm 

In order to i n v e s t i g a t e dynamical c h l r a l symmetry breaking on the 

l a t t i c e , I t i s e s s e n t i a l to have a numerical a lgor i thm which can s i m u l a t e 
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light fermions. Most work in lattice gauge theory to date has been done with 

pure gauge theory, because the methods available to treat fermions require 

hundreds of times more computer time than do standard methods for bosons, to 

achieve comparable statistics. The popular pseudo-fermlon method of Fucito, 

Marlnari, Parlsi, and Rebbi also suffers from systematic errors which are 

difficult to estimate. I have developed a new method which appears, at least 

in two-dimensional systems, to alleviate most of the shortcomings of the other 

algorithms in use. In the spinless Schwinger model, the new algorithm with 

fermions runs only a factor of 2.5 slower than the corresponding pure gauge 

theory algorithm and produces gauge configurations of comparable quality. The 

results agree with those produced by an algorithm which computes the fermion 

determinant exactly at each update, within statistical errors which are about 

5% of the fermlonlc effect on the system. There is also no detectable 

dependence on the hit size, which is the maximum amount that the new gauge 

field is allowed to differ from the old one in an update. This is In stark 

contrast to the pseudo-fermlon method which has a large hit size dependence. 

The lack of an observable hit size dependence suggests that the method has no 

systematic error, since one can show, as with the pseudo-fermlon technique, 

that the method Is correct in the limit of small hit sizes. At the very least 

any systematic error would have to be very small, at the level of a few 

percent in the above example even at the maximum hit size. I have found a 

reasonable basis by which one can show that the method Is free of systematic 

error, through relating it to a boson Monte Carlo for a system of gauge fields 

and bosons with the same Interactions as the gauge/fermlon system. However, 

this is not yet at the level of a rigorous proof. The basic idea is to equate 

the probability of transition from a gauge configuration A to a new 

configuration A' in the gauge/fermion system to the transposed probability in 

the corresponding gauge/boson system, i.e. the probability of transition from 

A' to A in that system. Transposing the transition probability matrix in the 

Monte Carlo simulation results in an equilibrium distribution in which all of 

the probabilities are simply Inverted. This Is exactly what is needed to 

produce the desired probabilities for the gauge/fermlon system as these are 

proportional to det(0(A)) whereas those In the gauge/boson system are 
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proportional to l /de t (0 (A) ) , where 0(A) is the interaction operator in the 

Lagranglan. 

In more complicated systems, the algorithm wi l l become slower, however It 

appears that It wi l l become no worse than 20-30 times slower than the pure 

gauge theory simulation in a non-abellan four-dlmenslonal theory. In addition 

to the spinless Schwinger model, I have a lso tested the method successfully on 

the Schwinger model with Kogut-Sussklnd fermions, however here there have been 

a few surprises, which I describe in the next paragraph, I am currently 

preparing to test the method on a simple four-dlmenslonal problem after which 

I wil l apply i t to a QCD-like theory, 

2) Species Doubling 

It has been proven by Nielsen and Nlnomlya that any l a t t i c e fermion 

formulation which respects chlral symmetry, l o c a l i t y , and hermltlclty 

necessarily has more than one species which survives in the continuum limit. 

The Wilson formulation avoids this at the expense of breaking chlral symmetry, 

but this makes It very d i f f i c u l t to study spontaneous chlral symmetry breaking 

since the symmetry Is already strongly broken e x p l i c i t l y . The Kogut-Sussklnd 

staggered formulation reduces the amount of species multiplication to two 

species in two dimensions and four In four dimensions (In the Euclidean 

Lagranglan formulation). The multiple species have been Interpreted as 

different flavors in the continuum l imit . However, having the l a t t i c e 

simulations restricted to multiples of four flavors In four-dlmenslonal 

theories Is not entirely sat is factory. Through studying the l a t t i c e Schwinger 

model with Kogut-Sussklnd fermions 1 have found a possible solution to this 

problem, 

1 find that for re lat ive ly large fermion masses, simulations agree well 

with an exact algorithm for two fermion flavors, but for small masses they 

don't. Rather, they agree very well with the exact algorithm configured for 

one flavor (the exact algorithm can treat any number of flavors by raising the 

determinant to an appropriate power but i t s use Is limited to a small 

l a t t i ce ) . Extrapolations to the massless model also agree with the one flavor 
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continuum analytic solution. The species doubling can be viewed as an unwanted 

discrete symmetry on the lattice, which is related to the Interchange of 

sublattlces. I have found evidence that for small fermion masses this discrete 

symmetry is spontaneously broken. The evidence comes from observation of an 

order parameter sensitive to the symmetry as small amounts of explicit 

symmetry breaking are applied and as the lattice size is changed. In principle 

the same techniques could be applied to the exact algorithm, however the 

limitation to small lattice sizes (6x6) makes this difficult since spontaneous 

symmetry breaking is essentially a long distance phenomenon. In the absence of 

explicit symmetry breaking the exact algorithm suras over both degenerate vacua 

and counts both flavors. If the symmetry Is spontaneously broken, then, in the 

limit of infinite lattice size, only one-half of the fermion modes can be 

excited, since the other half belong to a subspace of configurations which 

cannot be reached. In canonical language the Hilbert space Is bifurcated - the 

theory is defined over one or the other subspaces, but not both together. Thus 

one can obtain a single effective flavor, if the system should prefer the 

broken symmetry solution. It is known that low mass fermions suppress vortex 

configurations in two dimensions and Instantons in four dimensions. When the 

effective number of flavors is reduced this suppression factor becomes much 

smaller, liberating such gauge configurations. If the increased entropy of the 

gauge fields more than counteracts the decrease In entropy of the fermions 

under symmetry breaking, then the broken solution will be preferred. I am 

still sorting out the finer details of this phenomenon in the Schwinger model, 

and a paper will be forthcoming. It remains to be seen whether the same effect 

will be present in the four-dimensional theories of Interest. 

* * * * 

E. Kovacs. During the l a s t half-year I have continued my work on the 

properties of the body-centered hypercubic(BCH) l a t t i c e and begun work on two 

new projects concerning the fermion doubling problem on the l a t t i c e and the 

nature of the QCD vacuum. 

With col laborators W. Celmaster, F. Green and R. Gupta (Northeastern), I 
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have completed the study of the deconfInement temperature on the BCH 

lattice. Our manuscript is currently in the final stages of preparation. Our 

study has shown that the deconfInement temperature, measured as a function of 

the critical coupling, exhibits significant violations of asymptotic 

scaling. Hence, the value of the ratio T^/AgQ^ extracted from the one loop 

fit to the data Is not meaningful. Interestingly, the data appear to almost 

scale for a limited range of the inverse coupling, just as for the standard 

hypercublc lattice. However, as this coupling is Increased, it appears that 

the data once again veer away from the asymptotic scaling curve. This 

suggests that perhaps the claims regarding the onset of asymptotic scaling in 

the hypercublc case are premature and need to be verified for larger values of 

the Inverse coupling. One important feature of our study was the observation 

of very large finite volume effects In cases where the spatial size, N of 

the lattice was only about 2 times the temporal size, N . Our study confirms 

that deconfInement temperatures should only be measured on lattices which have 

N > 2.5 N . An analysis of the string tension data for the BCH lattice as a 

function of the coupling constant produces scaling violations that match those 

observed for the deconfinement transition for most of the coupling constant 

range considered. It remains unclear if the string tension data also veer 

away from their approach to asymptotic scaling. This needs to be studied in 

order to establish whether scaling, as opposed to asymptotic scaling, is 

valid. 

Geoff Bodwin (Argonne) and I are attempting to provide a resolution of 

the controversy regarding the issue of fermion doubling in the so-called SLAC 

version of lattice field theory by contrasting the behavior of different 

lattice version of a specific model. We have chosen the lattice Schwinger 

model (2-d quantum electrodynamics) which, in the continuum, is completely 

soluble. We are in the process of calculating, in lattice perturbation theory 

with both Wilson fermions and SLAC derivatives, the mass of the lowest lying 

vector state and the axial vector anomaly. Both of these quantities are 

sensitive to the presence of fermion doubling. A comparison with the 

continuum results should provide a resolution of the fermion doubling issue 

for the SLAC derivative. 
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* * * * 

H. Matsuoka. From April through September, my research mainly focused on the 

following two areas : exploring a new Monte Carlo renormallzat ion group (MCRG) 

method and studying the QQQQ system in l a t t i c e QCD (In co l l abora t ion with 

Dennis S lvers ) . 

The work on the MCRG was motivated by other MCRG s tudies of l a t t i c e QCD, 

which have provided a check for whether the asymptotic freedom scal ing Is 

respected in the coupling region where most cur ren t numerical simulations are 

done. The aim of th i s work, therefore . Is to develop a more e f f i c i e n t and 

re l iab le MCRG method, which allows for a more systematic study of the scaling 

in l a t t i c e QCD, 1 have thus far t r i ed the method on the two and three 

dimensional Ising models, for which I have obtained ra ther promising 

r e su l t s . For the three dimensional Ising model, by using two l a t t i c e s of 16 

and 12 , I have estimated the c r i t i c a l exponent, v, for the co r r e l a t i on length 

to be M),63, which should be compared with the bes t ava i l ab le est imate of 

0,629. Currently I am applying th is method to the two dimensional XY model to 

calculate I t s 8 function before embarking on i t s app l i ca t ion to the SU(2) or 

SU(3) l a t t i c e gauge theory. 

In the work on the QQQQ system, we have been trying to understand the 

role of configuration mixing In the nuclear binding. In our paper e n t i t l e d 

"Saturation of Color Forces and Nuclear Binding", submitted to Phys. Rev. D, 

we discuss the binding of two mesons composed of two heavy s t a t i c quarks Into 

a deuteron-llke object . Present ly we are s e t t i ng up Monte Carlo simulations 

to see if we can detec t the effect of configurat ion mixing numerically. 
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III. EXPERIMENTAL FACILITIES RESEARCH 

Mechanical Support Activity 

Proton Decay Experiment 

The shop drawings of the structural steel crane and detector 

supports were checked and returned to C. Nelson & Assoc. Most of the 

locations for the utilities were resolved. Support details for the veto 

shield modules were approximately 80% complete. 

The first shipment of equipment to be used in service and support 

activities for the Soudan 2 experiment left Argonne on a 40 ft flat bed 

truck. The load included machine tools, the 400 KUA power transformer 

and a five ton capacity surface fork lift. The logistics and shipping 

costs for the transporting of the five ton detector modules were 

addressed. 

A final decision has been made to use the roof entry of forced air 

Into the detector veto shield enclosure. Many small air ducts will be 

used to distribute air to various points inside the detector enclosure. 

New methods were developed to correct problems experienced in 

aligning the modules during stacking. New fixtures were designed and are 

being built. 

Fermllab Polarized Beam 

The prototype snake magnet was disassembled, machined and 

reassembled. All of the magnets have been disassembled and the 24 coils 

to be reused have been tested and inspected. The core machining has 

begun. Design of the new pole pieces has been completed. 

Testing of carbonized fabric for ground and high voltage planes of 

the large MWPC continued this quarter, A second "X" wire plane has been 

built to test ground and high voltage planes. In the next several months 

we will make a decision whether to use carbonized fabric, alumlnized 

mylar, or wire. 
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E-704 Fermllab Polarized Proton Target 

The ^He pumping system received from Kinney Vacuum Corp, has been 

set up In Building 366, and Is presently being tested. Some large 

components of the ^He system have been leak tested, and defects are being 

corrected by the vendor. The ^He gas system plumbing Is under 

construction. Bases and supports for monitoring the •'He equipment and 

magnet supports are being designed. 

Wake Field Magnets 

The designs of the quadrupole magnets were completed and the first 

16 magnets have been ordered. Eight additional larger magnets are being 

designed and will be fabricated. Design work was begun on the bending 

magnets, (K. Coover) 

Electronic Support 

Support of the Soudan 2 Nucleon Decay Experiment continued to be a 

major effort during the quarter. Production of twelve data acquisition 

electronics crates for the experiment was begun. This is essentially 

half the data acquisition and compaction electronics which goes to the 

mine, and is enough to support approximately 500 tons of the detector. 

Three such crates were shipped to Oxford to support module testing In the 

U.K. module factory, and one to Minnesota for software development. 

Considerable effort went into readying the U.K. preamp design for 

production of hybrids in the U.S, The order has been placed and we 

expect an Initial prototype run of 50 hybrids (200 preamps) In late 

November, A test fixture for the hybrids is being built to utilize an 

IBM personal computer. After approval of the prototypes, the IBM 

personal computer and test fixture will be sent to the hybrid factory for 

production testing. 

Production of the initial run of calibration cards and trigger 

communication cards continued, as did testing of the CMOS gate arrays 

which implement the trigger logic. (J. Dawson) 
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IV. ACCELERATOR RESEARCH AND DEVELOPHEHT 

Advanced Accelerator Test Facility 

Plans for our Advanced Accelerator Test Facility are developing 

well. A major activity has been detailing the designs of the various 

beam transport sections of the facility. Figure 11 Indicates the layout 

of these transports in the Bldg. 211 complex. We now summarize the 

design status by focussing on each section of the facility, beginning at 

the exit of the linac. 

Llnac-to-Target 

The original design for this section used an existing 90 degree 

bending magnet to bend the beam away from the straight-through llnac 

line. With that design, it was then necessary to use momentum-Ural ting 

slits to restrict the momentum spread to a small value. Still, five 

nanocoulombs were expected (per linac pulse) after the momentum 

selection. A complete redesign of this transport has been made using 

achromatic bends as shown in the figure. Simpler tuning and the 

possibility of transporting a full 15 nanocoulombs to the test facility 

will now be possible. The new design also leaves room for later 

Installation of an rf cavity which can be used for pulse shaping. Both 

the increased pulse intensity and the capability of shaping the beam 

pulse are expected to play important roles in our experimental program. 

As indicated in the figure, provisions have also been made to permit 

simple switching of the beam between our facility and the experimental 

area to be used by radiation chemists. 

Pulse Forming Sections 

Constrained by several simultaneous demanding requirements, this 

section has required considerable design effort. Both legs of the 

section must be achromatic, isochronous, and of such lengths that the 
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witness pulse can be delayed over an appropriate time range (0-3 

nanoseconds). Figures 12a,b show the optics systems of these two 

lines. Fortunately, the magnetic bending and focussing element strengths 

are modest. By careful design and by utilizing end guards, undesirable 

interactions between magnets and beams will be minimized. Quadrupole and 

bending magnet designs are nearlng the point at which fabrication will 

soon begin. Other mechanical components, vacuum equipment, and 

diagnostics are also being specified at this time. 

Spectrometer Section 

Both the structure wake field (Wakeatron) experiment and the plasma 

wake experiment (University of Wisconsin) have specified spectrometer 

requirements, A prelimlnary desIgn has evolved which appears to satisfy 

the needs of both experiments. It uses a 45 degree exit angle, 90 degree 

bend for each energy beam. With a l.l meter bending radius for the high 

energy beam, the spectrometer magnet will be the largest single magnet in 

the system. However, because its field strength need be only 700 Gauss, 

the magnet will still be a "toy" by most HEP standards. 

Experimental Plans 

The experimental section of the facility is designed to accommodate 

apparatus up to about 1 meter In length. Three types of experiments are 

being prepared at this time. 

The initial experiment to be conducted will be a study of wake field 

acceleration by a large number of sequential pillbox shaped cavities. As 

suggested by Fig. 13, a bunch of particles traveling through such a 

structure excites an electromagnetic pulse. This pulse propagates 

radially outward to the outer wall where It is reflected. As a pulse 

converges at the center of the structure, the electric fields can be used 

to accelerate a second particle bunch which follows the first at an 

appropriate distance. 
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Fig. 13, Structure wake field accelerator concept. An 
extended series of pillbox shaped cavit ies is excited 
by the driving beam pulse. When the pulses are reflected 
at the outer diameter and coverage at the axis, the 
resulting field can accelerate a second beam pulse to 
high energy. 
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There have been both analytic and numerical studies of the geometric 

dependencies, yet no experimental verification of such studies have been 

made. The attractive feature of such an accelerating scheme is that 

existing proton beams, such as are available at FNAL, might be used to 

generate electron beams in excess of 1 TeV. Experiments such as those 

planned for our facility are essential for designing future experiments 

with protons. 

An interesting plasma wake field experiment by a University of 

Wisconsin group Is the second experiment planned. When a short beam 

pulse (our facility should provide them as short as 6 picoseconds) 

traverses a plasma, a plasma wake is generated behind the pulse. 

Calculations predict that this wake can be used to accelerate a following 

pulse just as is done in the Wakeatron scheme outlined above. 

Experiments are needed to study not only the accelerating field but also 

focussing (and defocussing) properties of the wake fields. 

The third type of experiment Involves measurements of how various 

accelerator components Interact with beams. This subject Is of interest 

to both linear and circular machine builders and is extremely important 

in the design of the SSC. Our facility will be able to measure these 

interactions (parameterized as longitudinal and transverse Impedances) 

for accelerator hardware such as beam pipes and diagnostic equipment. 

Schedule 

A formal proposal has been submitted to DOE for incremental funding 

to enable completion of th i s projec t in a t imely, competitive manner. 

With this support, the f a c i l i t y wi l l begin t e s t by summer of 1986. 

Actual hardware I n s t a l l a t i o n of upstream beam t ranspor t elements Is 

scheduled to begin in January, 1986. 
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I b i d , , 3311 (1985) 

Conceptual Design of the Argonne 6-GeV S y n c h r o t r o n L i g h t Source 
Y, Cho, E, C r o s b l e , T. Khoe, S, Kramer , R, Kustom, J , Norem, L.C, Teng, 
M. K n o t t , R, L a r l , R, M a r t i n , J , Moenlch, W. P r a e g , K, Thompson, 
G. Mavrogenes, J . Volk (ANL) 

I b i d . , 3383 (1985) 
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20-keV Undulators for a 6-GeV Storage Ring 
S.Klm and Y, Cho (ANL) 

I b i d , , 3386 (1985) 

A Pe r iod ic Plasma Waveguide Acce lera tor 
F, T, Cole (ANL) 

I b i d . , 3486 (1985) 

Measurement Facility for New Acceleration Techniques 
J. Simpson, J. Norem, P, Schoessow, F, Cole, and A,G. Rugglero (ANL) 

Ibid., 3492 (1985) 

Plan for a Polarized Target for the Fermilab Polarized Beam 
J. Ball, P. Chaumette, J. Deregel, G. Durand, L. van Rossum (CEN-Saclay), 
D. Hill (ANL), G, Shapiro (Lawrence Berkeley Laboratory) 

Proceedings of the 4th Workshop on Polarized Target Materials and 
Techniques, edited by W. Meyer Physikalisches Instltut Unlversltat 
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On New Particle Searches 
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Proceedings of the Workshop on e'̂ e" Physics at High Luminosities, 
Stanford Linear Accelerator Center, Stanford, CA, April 5-7, 1985, 
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The High Resolution Spectrometer in Studies of e"''e" Annihilation at 
/s = 29 GeV 

M. Derrick, P. Kooljman, J.S. Loos, B, Musgrave, L,E. Price, K, Sugano 
(ANL); P, Barlnger, £t_aj.- (Indiana Univ,); C, Akerlof, £t^ ̂ . (Univ, of 
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Proceedings of the Workshop on e e" Physics at High Luminosities, 
Stanford Linear Accelerator Center, Stanford, CA, April 5-7, 1985, 
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Soudan 2 Data Acquisition and Trigger Electronics 
J. Dawson, R. Laird, E. May, N. Mondal, J. Schlereth, N, Solomey, and J, 
Thron (ANL); S, Heppelmann (Univ, of Minnesota) 

Proceedings of the 4th Real-Time Conference on Computer Applications 
in Nuclear and Particle Physics, IEEE, NPSS Computer Applications in 
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Hotel, Chicago, IL, May 20-24, 1985, IEEE Transactions on Nuclear 
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Heavy Meson Decays and pp Collisions 
E. Berger (ANL), P, Damgaard (CERN), K. Tsokos (Univ, of Maryland) 

Proceedings of the Hadron Spectroscopy Conference, University of 
Maryland, College Park, MD, April 20-22, 1985, 257 (1985) 
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I n c l u s i v e Charged P a r t i c l e P r o d u c t i o n Near the K i n e m a t i c L i m i t i n e e" 
A n n i h i l a t i o n a t 29 GeV 

M, D e r r i c k , P , Kooljman, J , S . Loos , B, Musgrave , L , E , P r i c e , J , S c h l e r e t h , 
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Phys . L e t t . 

On the Fermion Mass and L a t t i c e S i z e Dependence of SU(2) Gauge Theory 
Thermodynamics 

D. S i n c l a i r (ANL); J . Kogut , J . P o l o n y l e t £1^. (Un iv . of I l l i n o i s 
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Phys . Rev. 

On the Thermodynamics and S c a l i n g Behav io r of SU(2) Gauge Theory w i t h Fermion 
Feedback 

D. S i n c l a i r (ANL); J . Kogut , J . P o l o n y l e t a l . (Un iv . of I l l i n o i s , 
Urbana) ANL-HEP-PR-85-79 

Phys . Rev. 

An A r b i t r a r y N a t u r a l H i e r a r c h y in a L e f t - R i g h t Symmetric Hlggs Theory 
J . O l l e n s i s (ANL) ANL-HEP-PR-85-82 

Phys . L e t t . B 

Comparison of Charged P a r t i c l e M u l t i p l i c i t i e s in Quark and Gluon J e t s Produced 
In e ^ e ' A n n i h i l a t i o n a t 29 GeV 

M. D e r r i c k , K.K. Gan, P . Kool jman, J . S . Loos , B. Musgrave , L .E , P r i c e , J . 
S c h l e r e t h , K. Sugano, J .M, Weiss (ANL); D, B l o c k u s , £t_ a_l_. ( I n d i a n a 
U n i v . ) ; C. A k e r l o f , e t £1^. (Un iv . of M i c h i g a n ) ; S. A b a c h l , ^ £ l ^ . (Purdue 
U n i v . ) ; B. Cork ( L B L T " A N L - H E P - P R - 8 5 - 8 8 

Phys , L e t t , 

S a t u r a t i o n of Forces in Chromodynamlcs and N u c l e a r B ind ing 
D. S l v e r s , H, Matsouka (ANL) ANL-HEP-PR-85-89 

Phys . Rev. D. 

Gauge Anomalies as a S i g n a l fo r E l e c t r o w e a k Symmetry B r e a k i n g by Co lo r S e x t e t 
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A.White, C. Wi l l cox (ANL), E, B r a a t e n ( N o r t h w e s t e r n U n i v , ) AHL-HEP-PR-85-
90 

Phys . Rev. D 

QCD C o r r e c t i o n s to P o l a r i z e d E" Beta Decay: Second C l a s s Form F a c t o r E f f e c t s 
L. Carson , R. Oakes , C, W i l l c o x (ANL/Nor thwes tern U,) 
ANL-HEP-PR-85-91 

Phys, L e t t , B 
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and LEP Energies 

J. Collins (ANL/IIT) ANL-HEP-PR-85-92 
Nucl. Phys. B 

Induced Second-Class Form Factors in E" B-Decay 
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Phys. Rev. D. 

Dynamical Symmetry Breaking by Radiative Corrections in a Left-Right Higgs 
Model 

J. Oliensls (ANL) ANL-HEP-PR-85-lOl 
Phys. Lett. B 

Nuclear Effects In Massive Lepton Pair Production 
E.L. Berger (ANL) ANL-HEP-PR-85-102 

Nucl. Phys. B 

A Molecular Dynamics Algorithm for Simulation of Field Theories in the 
Canonical Ensemble 
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Phys. Rev. 
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Technical Note 
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A.G. Rugglero (ANL) ANL-HEP-TR-85-55 

Technical Note 
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Technical Note 

Search for Experimental Proof of the Existence of Lower Components In the 
Nuclear Wave Function 
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Mexico State Univ,), G,E, Trlpard (Washington State Univ,) 
ANL-HEP-TR-85-96 
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Comment on an Unusual Event In the E594 Detector from the Direction of Cygnus 
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New Results on Bhabha Scattering at 29 GeV 
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6th International Symposium on Polarization Phenomena in Nuclear 
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Polarization Phenomena in Nucleon-Nucleon Scattering at Intermediate and High 
Energies Including the Present Status of Dlbaryons 

A. Yokosawa (ANL) ANL-HEP-CP-85-93 
Ibid. 

Color Force Saturation In Nuclear Chromodynamlcs 
D. Slvers (ANL) ANL-HEP-CP-85-94 

Nuclear Chromodynamlcs Conference, Institute for Theoretical Physics, 
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Evidence from the Soudan I Experiment for Underground Muons Associated with 
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Structure Functions of Nuclei in the Plon Exchange Model 
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Open Problems In Multlquark Spectroscopy 
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Ibid. 

Diffraction Scattering and the Parton Model In QCD 
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Beam L i n e 
J . Norem 

WF-19 A V l a s o v S o l v e r f o r Wake F i e l d P r o b l e m s 
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The following paper report ing the r e s u l t s of a ZGS experiment was 
published this quar ter . 

Experiment Publ ica t ion 

E-401: Measurement of Observables Measurements of Trlple-and Double-Spin 
(N,S;0,S), (0,S;OS), and (N,0;0,N) Parameters in E l a s t i c p-p Sca t te r ing a t 
a t 6 GeV/c. 6 GeV/c. I . P . Auer, el^ aU , Phys. Rev. 
Northwestern University and Argonne D32, 1609 (1985). 
National Laboratory 
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